For the pyrochemical reprocessing of spent metallic fuels in molten salt baths it is of importance to estimate the enrichment degree of Cs. A molecular dynamics simulation has been executed on molten (Li, Na, Cs)Cl at 900 K and (Li, Na, Cs)F at 925 K for various compositions in order to calculate the relative differences in the internal cation mobilities of Cs in molten LiClNaCl equimolar mixtures and the LiF-NaF eutectic. According to these results the self-exchange velocities of Li+, Na+ and Cs+ with respect to Cl" and F~ have similar tendencies at each composition, and Cs can be enriched effectively up to xCs = 0.5 -0.6 in LiCl-NaCl melts. In addition, the sequence of the calculated self-diffusion coefficients for various compositions was in a fair agreement with that of the obtained self-exchange velocities.
Introduction
One should become able to separate fission prod ucts (FPs) like Cs and Sr from one another for incin eration, utilization as medical tracers, precious mate rials, and so on. For this purpose we have already studied continuous countercurrent electromigration [1] and electrowinning methods [ 2 -6 ] , following the Argonne National Laboratory's proposal [7] , in order to recover all alkali, alkaline-earth and more electrochemically basic rare earth residues, which remain in the fused salt bath after the electrorefining and draw down processes. Thus, FPs like alkali and alkalineearth elements in the salt phase should be removed in order to employ the salt bath repeatedly. However, it is difficult to withdraw these elements from the salt bath because o f their more negative decomposition poten tials [8] than those o f the solvent components. We have, e. g., previously performed an electrochemical investigation o f the alloy formation mechanism o f the electrochemically negative elements Eu2+ [2, 3] , Sr2+ [2, 3] , Ba2+ [4, 5] , and Cs+ [6] , in molten chloride and fluoride systems by means o f transitory techniques, i.e., voltammetry, chronopotentiometry and electro chemical impedance spectroscopy. Among these ele ments, it is more difficult to recover Cs than any other element, and our attempts to recover Cs in chloride baths by using a liquid Pb cathode as electrowinning method were unsuccessful [6] . On the other hand, countercurrent electromigration [1] has shown a sig nificant possibility to recover Cs in a chloride bath, and a more detailed study to clarify the limitation of this process was necessary because the enrichment of Cs would be limited by the Chemla effect [9] . Af ter previous results on (Li,K, Cs)Cl [10] and (Na, K, Cs)Cl [11] , (Li, Na, Cs)Cl was selected. In ad dition we aimed at enriching Cs in molten fluoride systems because we successfully recovered Cs on a liquid Pb cathode in FLINAK melts [6] . There fore we performed an MD simulation on molten (Li, Na, Cs)F. The unitary and binary systems CsCl, (Li, Na)Cl, CsF and (Li, Na)F were also simulated for comparison with the ternary systems. Few studies on molten ternary fluoride systems containing Cs seem to exist in the literature. It also seems worthwhile to examine the order of the internal mobilities with increasing contents of Cs in molten alkali fluorides. Recently we have demonstrated the enrichment of 
The Molecular Dynamics Simulation
In each MD simulation run we used 1000 ion pairs placed in a basic cube with periodic boundary con ditions, the side length L o f which was determined from the molar volumes of the pure melts on the assumption o f additivity. Pair potentials of the BomMayer-Huggins type were applied: the reciprocal lattice vectors |(n )2| were counted up to 27. The convergence parameter a was 5.6/L and the time step 5fs. At the beginning, MD runs were conducted with the constant temperature method of Woodcock [16] . After attainment o f constant temper ature by running several thousand steps, these were converted to constant energy runs. From the runs dur ing more than 104 time steps, using Verlet's algorithm after attainment of equilibrium, the structure and the other properties were obtained.
Results and Discussion
The pair correlation functions and the running co ordination numbers with increasing the content of Cs for the ternary chloride and fluoride systems are given in Figs. 1-1 and 1-2 and o f the binary (Li, Na)Cl and (Li, Na)F systems with the ternary mixtures for various compositions. With regard to the peak heights, gu_a , #Na_ ci> Pn3-f and <7Cs_ f are more sharply peaked in the ternary mix ture than in the binary mixtures. #cs-ci a n d 9 c s -f 3 1 0 less sharply peaked in the ternary mixtures than in the unitary CsCl and CsF. The increasing rate of the peak heights for Li and Na is larger than for Cs. The where R2 is the distance where the pair correlation function between cation and anion reaches unity after the first peak, and (R(0)) is the average distance of cations located within R2 from a reference anion at t = 0. t = r is the average time in which the average distance of such particles becomes R2. Thus, the SEV is the velocity o f the separating motion o f neighbor ing unlike ion pairs and can be calculated with good precision from quite short MD simulation steps, since each anion has several neighboring cations. For the present system the SEV was calculated from 120 ori gins and from 150 origins using 104 steps for binary (6)) calculated from the self-exchange velocities for molten chlorides at 900 K. Table 3 -2. Relative differences (see (6)) calculated from the self-exchange velocities for molten fluorides at 925 K. The suffixes a and ß refer to two ions among Li+, Fig. 3-1 . Relationship between the self-diffusion coeffi cients of Li+: black circles, Na+: white circles, Cs+: black triangles and the mole fraction of Cs in molten LiCl-NaCl eutectic melts at 900 K.
Na+ and Cs+, and x is the mole fraction. The obtained relative differences in the corresponding mole frac tions for the chlorides and fluorides were tabulated in Tables 3-1 
D = ^-^j; ({ r i(t + T) ~r i(t)} 2) ,
as given in Figs. 3-1 and 3-2 These are consistent with observations in our cal culated self-exchange velocities, where the Chemla effect is observed for pairs o f Li-Cs and Na-Cs. The tendencies for (Cs, Li-Na)Cl and (Cs, Li-Na)F were relatively similar, i. e. the self-diffusion coefficients of each cation decreases with increasing Cs ratio. On the other hand, the self-diffusion coefficients of Cland F" were presented in Fig.3-3 . Each self-diffusion coefficient o f F~ was smaller than that of C l~, which is consistent with the results o f each pair correlation function because the increasing rate o f peak heights for each cation in fluorides was larger than that in chlorides.
A step toward the understanding o f the relation be tween the SEV and the internal mobility would be to apply a simplified potential model which considers the potential undergone by a cation located collinearly between two anions. These potentials for Li+-F-and Cs+-F~ are obtained by superposing two pair poten tials, as displayed in Figs. 4(a) and 4(b) , respectively. As the distance, d, becomes longer from d\ to dj, the height o f the barrier, h\ becomes greater from h\ to /i2, and the minimum position, which is the near est one o f the two from the reference anion, becomes nearer to this anion. The Li-F distance is shorter in the mixture than in pure LiF by as much as 20 pm, while the molar volume is much greater in the former than in the latter. As long as h is higher than the kinetic energy, the cation cannot readily move away from the reference anion toward another. However, if the two anions approach each other by thermal motion, h becomes low enough for the cation to surmount by kinetic energy. As the concentration o f CsF increases, that is, the average value o f d increases from d\ to di, it takes longer for the anions to touch one another. Thus, the SEV and internal mobility decrease with increasing concentration o f CsF. Since Li+ is much smaller than Cs+, the pair potential between cation and anion has a lower minimum at a greater distance for Cs+ than for Li+. Therefore, the superposed po tential has a much lower h for Cs+ than for Li+ at a given d. Thus, the increase o f h with increasing d is greater for Li+ than for Cs+. This may be the reason why the internal mobility o f Li decreases much more than that o f Cs with increasing concentration of CsF,
